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Abstract 

Unprecedented rates of environmental change complicate priority setting for conservation, 

restoration and ecosystem management. Setting priorities, or considering the value of 

ecosystems and the cost and likely effectiveness of management actions required, is like 

deciding which paintings to save first if an art gallery catches fire: a few masterpieces, such 

as the Mona Lisa, or a wider selection of the gallery’s collection?  A portfolio approach is 

required that allows for a suite of goals ranging from maintenance of existing high value 

conservation assets (the Mona Lisas) through to alternative management approaches in the 

altered parts of the landscape (the broader art collection). Management goals can be set 

based on the relative values, services provided and array of approaches available. Such an 

approach maintains aspirations to conserve relatively unaltered ecosystems as a priority but 

also recognises the need to manage the overall landscape effectively.  
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Increasing attention is being given to how to conserve, manage and restore ecosystems in 

the Anthropocene, a period of unprecedented environmental change driven mainly by 

human activities (Ellis 2011, Kareiva et al. 2011, Kueffer and Kaiser-Bunbury 2014).  The 

pace of change and associated uncertainty regarding likely impacts accentuates but renders 

more urgent the need to set priorities for management in relation to the potential value of 

the assets being managed and the cost and likely effectiveness of the actions required 

(Bottrill et al. 2008, Carwardine et al. 2012, Pressey et al. 2007, Wilson et al. 2007). This 

prioritization is especially pertinent given that global investment in biodiversity conservation 

is currently considerably less than required to meet stated targets (McCarthy et al. 2012).  

Making conservation and restoration decisions in an era of rapidly changing environments is 

like deciding which paintings to save first if an art gallery catches fire. Should the priority be 

to save classic masterpieces like the Mona Lisa?  

The art of choosing priorities 

In conservation terms, the Mona Lisa signifies high value conservation assets such as 

relatively intact, ancient or rare ecosystems. Increasingly these ecosystems are situated 

within or adjacent to broader altered landscapes comprising ecosystems that are either 

completely transformed for agricultural production or urban development, or are on a 

trajectory of change towards alternative hybrid or novel states (Hobbs et al. 2009). These 

latter systems are often described as degraded or impaired, although they may still be 

functionally important. A whole landscape portfolio approach acknowledges the presence of 

a continuum from historical to novel ecosystems (Hobbs et al. 2014), expands the range of 

options available for planning and management, and allows flexible deployment of the most 

effective techniques for ensuring high ecological returns (Figure 1). 
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On deciding which paintings to save in the burning art gallery, the value placed on the 

particular piece of art is important, along with the context that informs costs and probability 

of success in fully or partially saving it. This leads to difficult, or even unanswerable, 

questions, especially given that many pieces of art are considered “priceless”. For instance, 

would more-easily saved paintings nearby have cumulatively equal or greater potential 

value? The choice may be guided by special attention to symbolically important pieces that 

are assigned a greater value because of their uniqueness, rarity or iconic status. 

Of course, the art analogy breaks down quickly if taken too literally, with major differences 

between relatively static artefacts (art) and dynamic complex entities (ecosystems) (Hall 

2005). The comparison, however, highlights the essential problems surrounding decision–

making concerning ecosystems with differing degrees of intactness, historical continuity, 

levels of threat and probabilities of successful conservation or restoration. Asking whether it 

would be better to save a van Gogh over a Cezanne would be a nonsensical question. 

However, this is the type of question facing conservation policy and management regularly.  

Conservation prioritization techniques commonly seek to choose among, and find optimal 

mixes of investment in, alternative sites or species, many of which could be legitimately 

classed as “priceless” or at least unable to be priced effectively (Silvertown 2015).  And 

beyond that, given the interconnected nature of landscapes (Lindenmayer et al. 2008), 

further questions surround how much effort should be devoted to maintaining or restoring 

the highly-valued systems versus restoring greatly altered systems adjacent to or 

surrounding them.  Unlike a masterpiece in a burning gallery, an individual ecosystem 

cannot be removed from its surroundings. 
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Broadening intervention options 

Conservation priority planning has developed well-tested techniques that are nevertheless 

being continually assessed and revised to better account for, amongst other things, rapid 

change, threat management and efficiency (Bottrill and Pressey 2012, Carwardine et al. 

2012, Maron et al. 2013, Newton et al. 2012, Oliver et al. 2012). As a general rule, 

restoration of an altered system will be less cost effective than maintaining an intact one. 

Restoration can be costly and will not always result in successful outcomes (Bullock et al. 

2011). However, ambitious global restoration goals have been adopted internationally, and 

thus methods of prioritizing management efforts are urgently required (Menz et al. 2013, 

Suding et al. 2015). This need is underscored when the extent of the task and the degree of 

change is documented (Zhang et al. 2016). There is increasing attention to the question of 

how best to allocate resources to conservation and restoration and the importance of 

including costs and uncertainties (Pouzols et al. 2012). Relatively few studies have 

considered the potential for partial success of restoration or included the possibility that 

restoration may not be possible, realistic or desirable in some circumstances, and that rapid 

change creates significant uncertainties about future alternatives. Further, there may be 

cases where transformed systems become valued in their current state, and hence the 

desirability and need for restoration becomes a topic for societal debate (Hobbs 2016). 

 

Restoration ecologists have depended on carefully articulated benchmarks rooted in pre-

disturbance historical conditions (Higgs et al. 2014). Restoration goals are shaped by these 

conditions and by practical choices about what is feasible to achieve given available 

resources. Increasing evidence suggests that traditional restoration goals are not always 
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practical, which has led to formulations such as novel ecosystems  (Hobbs et al. 2013). Such 

novel assemblages may be practically irreversible, suggesting that no reasonable degree of 

intervention will push these ecosystems toward historically continuous states (Figure 2).   In 

practice, irreversibility will be determined by ecological and social factors that prevent 

restoration for traditional goals. Social factors will include considerations such as public 

support, political will, costs and funding capacity, adding further complication. What is a 

reasonable degree of intervention? When social values coupled with political will and 

economic capacity support extraordinary measures and expenditures (Figure 3), can it be 

claimed that there are ecosystems beyond the reach of restorative action (Ewel 2013)? 

Arguably, with enough investment almost any system can be restored regardless of the 

degree of modification or difficulties involved. In this regard, therefore, greatly altered 

systems may or may not be maintained because of actual biophysical thresholds, but 

certainly require decisions as to if and how they are to be managed (Miller and Bestelmeyer 

2016). These are the types of questions that will define conservation and restoration in an 

era of rapid change, and open discussion of priorities and alternatives is essential.  

A framework that recognizes different ecosystem states along gradients of alteration in 

structure and function, and hence restoration potential (Hobbs et al. 2013), may facilitate 

decisions on where management efforts can be directed. Different approaches to 

intervention may be justified in different parts of the landscape, depending on the extent 

and rate of change in the system (Jackson and Hobbs 2009) and the presence of ecological 

and socio-economic thresholds or barriers that practically prevent the redirection of the 

system towards historical references. Whether such barriers exist or not, management 

alternatives across the spectrum of system alteration include not only traditional 
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conservation and restoration but also, for example, interventions that maintain ecosystem 

functions/services or desirable novel species compositions (Hulvey et al. 2013). 

 

Portfolio and ROI approaches 

Management interventions can be designed that extend traditional restoration goals to be 

more flexible and effective (Figure 1). Miller and Bestelmeyer (2016) provide a generalized 

decision tree relating to the types of management activity that may be undertaken based on 

the decisions made regarding degree of ecosystem modification, management goals and 

feasibility. This provides for a suite of different goals and approaches. However, in common 

with many such frameworks and decision trees, only one alternative is provided for each 

“yes” or “no” answer in the decision tree – hence, for Miller and Bestelmeyer, the broad 

options are management/conservation, “engineering”, partial restoration and restoration.  

However, we suggest that a much broader range of alternatives exist at every degree of 

alteration, even within particular stated aims.  For instance, there may be an agreed goal of 

restoring towards a historical state that has to be tempered by both the degree of 

alteration, the feasibility of restoration as tempered by the presence of ecological and/or 

social barriers, and the resources available for restoration. Hence in Figure 1, at each point 

within the state-space of compositional and functional similarity to historical ecosystem 

conditions there can be a variety of decision opportunities, ranging from “do nothing” 

through decisions that are likely to drive the system in particular directions. A novelty 

threshold is indicated in Figure 1 as distinguishing ecosystems far from historical 

composition and/or function where changes are practically irreversible. Whether such 
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thresholds exist is a point of ongoing debate (e.g. Miller & Bestelmeyer, 2016), but the 

rationale behind the diagram remains with or without such a threshold. 

 

Six hypothetical ecosystems are shown in Figure 1 with alternative trajectories defined by 

intervention choices, with the outcome of each intervention scaled by cost-effectiveness 

(Carwardine et al. 2012).  Also possible, but not shown is the option to maintain systems in 

their current states. Points show examples of systems that are: 

1. More or less intact: requires small intervention inputs to maintain (e.g. old growth forest 

in Pacific Northwest) 

2. Altered by ongoing environmental changes: cost-effective intervention can restore 

composition and/or function (e.g. control of hyper-abundant deer populations) 

3. Functionally altered: function can be restored more cost effectively than composition 

(e.g. restoration of water flows in urban streams) 

4. Functionally and compositionally altered: more cost effective to allow some ongoing 

change than to aim to restore (e.g. urban parkland heavily invaded by persistent weeds) 

5. Altered: maintenance of current state is most cost effective (e.g. lake system with 

commercial non-native fish dominance) 

6. Highly altered: restoration effectively precluded, but intervention can target function 

effectively (e.g. replanting salinized land with salt-tolerant plant species). 

More flexibility provides options to manage a landscape portfolio with greater cost-

effectiveness than exclusive focus on restoring to historical targets. By making such 

comparisons across the larger landscape, a manager then can consider which sites to invest 

limited resources and where not to intervene at all.  Ultimately, however, decisions depend 
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not only on cost effectiveness but also on a complex interplay of social, cultural, political, 

economic and ethical considerations. 

 

As part of the decision making process, the costs relative to benefits need to be transparent, 

and alternative approaches considered that might bring similar or greater benefits over 

larger areas and/or at lower cost.  While we agree with the premise that there is a pressing 

need to increase the level of societal support and resourcing available for conservation and 

restoration (Murcia et al. 2014), we also suggest that this will not happen quickly and, in the 

meantime, the smoke levels are rising in the gallery.  Rather than working from a blanket 

assumption that all systems are amenable to effective restoration (given enough effort), 

management can be focussed where it is likely to have the most effect. In turn this should 

lead to more effective use of scarce resources and greater overall achievement of 

conservation goals (Figure 1).  

The incorporation of cost considerations into conservation and restoration planning and 

implementation has received increasing attention in recent years. In particular, the concept 

of return on investment (ROI) examines the benefits of outcomes versus the costs of 

interventions (Boyd et al. 2015, Donlan et al. 2015, Goldstein et al. 2008, Murdoch et al. 

2007). Often, such analyses relate to single actions, such as spatial decisions on reserve 

acquisition or pest eradication, but increasingly they have been applied to more complex 

situations involving different management alternatives (Auerbach et al. 2014, Cullen and 

White 2013). As van Teeffelen and Moilanen (2008) state, “Planning of conservation 

management actions therefore requires decisions concerning a) which sites will be chosen 

for conservation action and b) which actions will be applied to each of these sites.”  
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Further to this, there has been increasing interest in a portfolio approach to conservation 

decision making, borrowing from the concept of financial investment portfolios that aim to 

maximise gains while minimizing risks (Markowitz 1952). Schindler et al. (2015) advance 

portfolio theory in ecology by turning to similar “effects of diversity on variance properties 

that economic systems do” (WebPanel1). What we propose leans on the statistical benefits 

of portfolios in increasing aggregate value, but also the metaphorical idea that a portfolio 

brings overall benefits through diverse investments across a range of intervention 

approaches. Hence, a portfolio approach in conservation and restoration considers most 

landscapes as benefitting not from a single type of intervention, but a carefully balanced 

approach that accounts for both economic returns on investments and myriad other values 

(cultural, ethical, political) that shape outcomes. The exact composition of a portfolio would 

be subject both to local and regional considerations—what makes best sense given available 

information and deliberative processes—as well as more general factors (e.g., ethical 

approaches to invasive species) that shape portfolios. While patterns of best practice will 

emerge, there will be significant diversity in how portfolios develop across landscapes.  

Clearly, there are differences between decisions around financial investments and those 

pertaining to investing in species and ecosystem conservation and restoration. 

Nevertheless, recent applications have indicated the potential for modern portfolio theory 

to be applied to prioritize conservation investments in a way that explicitly accounts for 

correlated uncertainty and risk–reward tradeoffs (Ando and Mallory 2012, Hoekstra 2012; 

see also Schindler et al. 2015).   
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Can a portfolio approach be applied, practically? 

Actual application of this approach requires the development of tangible strategies and 

methodologies toward measuring cost-benefits, assessing value systems, and implementing 

conservation projects facing multiple interest groups, different degrees of biodiversity, and 

various levels of practical feasibility.  None of these are easy tasks and systems for 

combining all these elements remain in their infancy. For instance, the role and evaluation 

of values and value systems has only recently been enunciated as an important step in 

conservation planning (Wallace 2012, Wallace et al. 2016). 

Nevertheless, examples exist of where such approaches have been carried out, although not 

necessarily in a systematic and comprehensive way. Two examples illustrate the way in 

which effective decision making that takes account of diverse approaches that comprise a 

portfolio at a landscape level. 

Firstly, the two lakes illustrated in Figure 2 provide a case where intervention decisions have 

been made based on relative values, costs and likelihood of success. The two lakes lie close 

to each other in the landscape in the agricultural region of southwestern Australia. One, 

Lake Toolibin, remains a globally important freshwater wetland (hence situated near the 

bottom left of Figure 1) and the other, Lake Taarblin, is now heavily salinized and has 

entirely lost its previous freshwater assemblage (hence situated towards the top right of 

Figure 1). The cost and effort involved in restoring Lake Taarblin is prohibitive, and the 

likelihood of success is low. In addition, the lake retains value in that the dead trees in the 

lakebed continue to provide valuable bird habitat. Hence a consideration of costs relative to 

benefits indicates that the most effective approach currently is low input management with 

the main aim of maintaining the lake in its current state.  The lake retains some functional 
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importance (provision of habitat) even although hydrological function and composition have 

been completely transformed.  

On the other hand, the high values retained in Lake Toolibin have been seen to justify the 

considerable management effort and expense has gone into maintaining the lake in its 

current state. This mainly involves dealing with the threat that this lake, too, will succumb to 

saline water table rise (Froend et al. 1997, Wallace 2001, Wallace 2003).  This effort has 

focused on the lake itself, but also on the broader surrounding agricultural landscape 

(George et al. 2005): investment in the altered matrix is, in this case, essential to the 

continued integrity of the lake itself.  The management efforts focus on functional aspects in 

an attempt to maintain composition. 

A second example indicates the potential to develop a portfolio of different management 

goals and approaches within the same jurisdiction. In the Australian Capital Territory, 

Mulligan’s Flat and Jerrabomberra Wetlands (Figure 4) are both overseen by the ACT Parks 

and Conservation Service and the Woodlands and Wetlands 

Trust http://www.woodlandsandwetlands.org.au/.   

 

Mulligans Flat Woodland Sanctuary is a protected area situated in the Gungahlin district on 

the northern outskirts of Canberra. The nature reserve covers 781 hectares and mostly 

comprises threatened grassy woodland ecosystems in a variety of vegetation states from 

high quality through degraded (https://mulligansflat.org.au/). The focus of the sanctuary is 

“restoring our nature, transforming our thinking and inspiring action for conservation”, and 

there is a strong emphasis on vegetation restoration and the return of native fauna to the 

area (Shorthouse et al. 2012). As part of this, a 12 km long predator-proof fence has been 
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built to exclude foxes, dogs and cats from a 480ha area, within which various fauna species 

have been reintroduced. These enterprises are high investment and high maintenance, but 

have resulted in an iconic area that is valued and cared for by the neighbouring community. 

The sanctuary represents an example of point 2 towards the bottom left of Figure 1, where 

a decision has been made to invest in restoring biotic composition – although the 

investment is high, the returns are also high both ecologically and socially. 

 

Jerrabomberra Wetlands consist of a mosaic of wetland and other vegetation that sits at the 

headwaters of Lake Burley Griffin, an artificial lake constructed in the heart of Canberra. 

Much of the land was previously dairy farms and hence the wetlands are not natural. 

Nevertheless, they are functional wetland systems and support a considerable diversity of 

fauna, including platypus and an array of birds that put it in the top 100 birdwatching sites 

in Australia (Taylor 2013).  The management approach in this instance is based on the 

observation that “The modified nature of the area in no way diminishes its significant value 

for conservation, education, and nature-based and heritage-based recreation and tourism in 

the eyes of the Canberra community.” (Jerrabomberra Wetlands Nature Reserve Board of 

Management 2013). The area is recognised as “A novel wetland ecosystem with a known 

history of environmental change, which will prove valuable in understanding the 

contemporary ecosystem”, and the management is planned accordingly. Thus, although 

strategic restoration and weed removal is undertaken, the goal is to retain the current 

values and not strive to recreate natural wetlands. Hence the wetlands sit to the right of 

Figure 3 and represent an example of point 6, where higher return on investment can be 

achieved by focusing more on functional aspects. The higher ROI is made possible by 
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focusing on significant ecological outcomes at a landscape level without necessarily sticking 

within a narrow ambit of restoring natural wetlands. 

 

Conclusions 

These examples illustrate how a portfolio approach can incorporate a diversity of goals and 

approaches with the aim of increasing the aggregate value of the various interventions. The 

ideas behind the portfolio approach find resonance in both conservation and the art world. 

In art, the development of a portfolio of work is essential for up-and-coming artists, and 

forms a significant aspect of their identity. In conservation and restoration, typically there 

will be two types of portfolio to consider - a portfolio of sites, ecosystems or species that 

require attention and a matching portfolio of interventions that can be applied in each case.  

Rarely have these two types of portfolio been meshed effectively in standard ROI analyses – 

rather the aim has been to optimize implementation of particular management activities 

across a suite of locations (ranging from local to global scales).  We suggest that the 

applicability of such analyses will be greatly increased by the inclusion of consideration of 

alternative goals and approaches, as in the case of the Jerrabombora Wetlands.   

 

Similar approaches are also being considered in other parts of the world, such as the 

Sacramento-San Juaquin Delta in California (Lund J. et al. 2007, Lund J.R. et al. 2010, Moyle 

et al. 2014). The need for a portfolio that expands on traditional options by incorporating 

experimental and alternative approaches is increasingly recognised (e.g. (Ehrlich and Pringle 

2008, Eigenbrod et al. 2009). Baron et al. (2009) suggested that: “Identifying resources and 

processes at risk, defining thresholds and reference conditions, and establishing monitoring 

and assessment programs are among the types of scientific practices needed to support a 
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broadened portfolio of management activities.” Incorporating a broader portfolio of flexible 

intervention options across the entire landscape can allow a re-ordering of priorities, an 

increase in the ecological return for the same input of money, and effort, and the potential 

to increase the amount of resources available to be invested in intervention.  This is a 

significant departure from normal case-by-case decision-making, based only on what makes 

the most sense at each given location.  A case-by-case approach could result in a diverse, 

strategic portfolio, or it could result in all sites being managed the same way if that made 

the most sense at each individual site. A portfolio of sites and interventions available still 

allows site and situation specific decisions to be made, but adds the potential to build 

broader considerations into decisions about individual sites. For instance, in Figure 1, if all 

six sites are considered together, it might be determined that effort should be concentrated 

on only some of the sites, with sites requiring greater effort for less benefit receiving little or 

no active intervention in the first instance. 

 

As the value and potential of altered ecosystems is made more apparent, and more options 

are allowed, larger sectors of the public and private enterprise can become engaged. 

Especially in urban areas, the opportunities for effective non-traditional approaches are 

immense when these are piggy-backed on infrastructure and redevelopment projects, (e.g., 

the Cheonggyecheon river restoration project in Seoul, Korea: Busquets 2011, Temperton et 

al. 2014).  At the same time, engagement of the wider public with nature can lead to 

increased support and investment in conservation overall and increased – rather than 

diminished - attention to intact systems.  
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 Regardless of priorities set using scientific criteria, shifting, diverse and region-specific 

cultural preferences will shape opportunities and constraints regarding which parts of the 

conservation portfolio receive greatest attention (Knight et al. 2011). Prioritization 

techniques provide tools, not answers, and work only with the range of options fed into 

them. With rapidly changing ecosystems comes a need for rapid adoption of new 

approaches and values. Recognition is overdue of, on one hand, the importance of how 

people actually value particular species and systems, in a sense rendering them at times 

“priceless”, and, on the other hand, the pressing need to increase the range of options 

available to manage the broader, rapidly-changing landscape within which the “priceless” 

bits sit. Sound decision frameworks must work hand-in-hand with transparent deliberative 

approaches that acknowledge difficult ethical choices (Keulartz 2016). Thus, an increasing 

focus on ROI and portfolio approaches in concert with a more general commitment to 

ecosystem services, courts risks. Chief among these is “gaming” the system through 

optimising ecosystems for human benefit (instead of acknowledging the integrity of the 

ecosystem independent of human interests).  

 

There are significant uncertainties and concerns going forward. Realism should not be 

muddled with optimism. The fact of rapid directional change in ecosystems and landscapes 

produces a new set of challenges that pushes the limits of classical restoration and 

conservation. It does not, however, obviate the need for conserving and restoring 

historically continuous ecosystems where they continue to thrive. A central challenge is in 

knowing when to adopt more flexible approaches, and when more traditional approaches 

are warranted. Thus, an expanded approach to valuing ecosystems should result in greater 
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net conservation and restoration, not a leaner approach driven by convenience, least effort 

solutions, or the logic of market based efficiencies (see also Silvertown 2015).  

 

Returning to the art metaphor, a more open and comprehensive collections policy is 

required that accepts the value of less recognized works. Preserving valuable ecosystems 

now depends, in many parts of the world, on better management of the overall landscape.  

Pragmatic and focused management decisions across the current spectrum of ecosystem 

states can only lead to more effective conservation and restoration outcomes overall. 

Saving the Mona Lisa may only be possible if greater attention is paid to effective 

management of the gallery as a whole.  
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Figure 1. Conservation and restoration alternatives across a spectrum of ecosystem 

alteration.  A state-space of compositional and functional similarity to historical ecosystem 

conditions. Composition refers to the biotic assemblage and the underlying environmental 

characteristics. Depending on management goals, functional similarity may refer to habitat 

provision, ecosystem service provision or diversity maintenance. Six hypothetical 

ecosystems are shown with alternative trajectories defined by intervention choices. The 

outcome of each intervention is scaled by cost-effectiveness (Carwardine et al. 2012). 

[larger boxes indicate greater values for (benefit * likelihood of success)/cost].  This can be 

viewed as a portfolio of projects across the landscape, and a portfolio of goals and 

approaches for each site.  
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Figure 2. Irreversible ecological change: a freshwater wetland in southwestern Australia 

(Lake Toolibin, left), characterized by a freshwater lens overlying a saline water table at 

depth, and a nearby wetland (Lake Taarblin, right) where the saline water table has risen 

(due to clearing for agriculture) and intersected with the surface freshwater. The result is a 

complete shift in the biophysical properties of the lake that is, for all intents and purposes, 

irreversible without massive long-term management input not only at the lake itself but also 

in the surrounding watershed.  Lake Toolibin is an example of a system situated near the 

bottom left of Figure 1 and Lake Tarblin is an example situated near the top right. 
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Figure 3. Radically altered ecosystems: restore or leave?  Hole-in-the-Donut, Everglades 

National Park, Florida.  Following rock plowing and subsequent cessation of agriculture, a 

novel forest dominated by the invasive introduced tree, Schinus terebinthefolius, but 

containing many other species, both native and introduced, developed on the rock-plowed 

soils. This represents an example of a system at the top right of Figure 1. Although soil and 

vegetation was completely transformed, huge efforts were made to reinstate the pre-

existing ecosystem (Ewel 2013) (photo courtesy of J. Ewel). 
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 Figure 4.  Two reserves managed for different goals. Mulligan’s Flat (upper) and 

Jerrabombora Wetlands (lower) in Canberra, Australia. Mulligan’s Flat is the focus of 

ambitious and costly restoration and protection efforts, including predator proof fencing,  

that aim to restore the system both biotically and functionally (Point 2 in Figure 1). 

Jerrabombora Wetlands has been recognised as a novel ecosystem that has significant value 

in its current state and management focuses on maintaining and improving wetland 

function and provision of habitat (Point 6 in Figure 1) (Photos: RJ Hobbs). 
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